. Brain maturation and damage in infants dying from chronic pulmonary insufficiency in the postneonatal period. The changes in the brains of 11 infants who survived from 29 days to 13 months after severe chronic pulmonary insufficiency are described.
In the last decade it has become possible with modem therapy to keep alive many babies of low birthweight who would previously have died. Most of these survive and develop normally without neurological or mental defect despite such hazards as hyaline membrane disease and apnoea of prematurity (Rawlings et al., 1971; Stewart, 1972) . However, some die within the first few days of life with a combination of lung and brain lesions. Among the latter, intraventricular and other cerebral haemorrhage consequent to rupture of subependymal plate haemorrhage are perhaps the most florid, but hypoxic or ischaemic damage in the hemispheres and brain stem is also important (C. Rodeck and J. F. Smith, in preparation) . In the present paper we describe changes in the brain in 11 infants with severe lung disease causing hypoxia, who survived for 29 days to 13 months. This survival period was chosen because it was thought that 4 weeks was the minimum time in which it would be possible to assess whether the period of stress or any consequent local lesion had affected brain maturation. A further infant who died at 27 days from septicaemia without previous hypoxia is included as a control. 
Material and methods
All the infants were treated in the Neonatal Unit at University College Hospital, 4 were born at the hospital and 8, including the majority of those with severe brain damage, were born elsewhere and transferred to this hospital because of low birthweight or respiratory illness.
Clinical features. The 11 infants with chronic pulmonary insufficiency were born at 24 to 36 weeks' gestation (mean 29 weeks), weighing 750 to 2000 g (mean 1347 g). None of them weighed less than the 10th centile for gestation (Lubchenco et al., 1963) Gruenwald (1963) , in which brain weight is compared with gestational age and body weight in newbom infants have therefore been used in assessing the significance of the brain weight in all cases except 11 where the data of Schulz, Giordano, and Schulz (1962) 
Results
The essential pathological observations are recorded in Tables I and II. Table I shows that maturation as judged by gyral formation and myelination had continued normally despite the severity of the stress and the presence of local lesions in the majority, which did have an effect on local development. In 5 of the infants, (Cases 1, 2, 5, 6, and 9) the brain weight was less than would have been expected for a 'normal' infant of an age equal in weeks to the sum of the gestational age and the neonatal survival period. In all of these, however, the brain weight was greater than would have been expected from the body weight of the infant if the neonatal figures of Gruenwald are used for comparison. Table II summarizes the local and general lesions present. All except Case 11 had focal areas of damage in grey or white matter, which are described as hypoxic-ischaemic (HID) as it is not always possible to decide whether the tissue hypoxia is a result of a lowered Po2 or diminished perfusion. The extent and degree of the lesions varied considerably, being more severe in Cases 5 and 7 than in the others, but in no instance was there infarction of the grey matter. In many the presence of karyorrhexes in grey matter of hemispheres or brain stem ( Fig. 1) suggested that hypoxic damage occurred in the terminal days of life as well as at birth or soon after. A few foci of grey matter damage were present in the hemispheres in the control, Case 12. These were, however, much less prominent than in Cases 1 to 10.
The more severe local lesions given in Table II (Smith, 1974) . In Case 1 this complication did not develop, though evidence of old haemorrhage was present in the subependymal plate and the meninges.
In periventricular leucomalacia (Banker and Larroche, 1962) , foci of coagulation necrosis in the future white matter of the hemispheres are followed by glial scars (Fig. 2) . Our Cases 1, 3, 6, 7, 8, and 9 had such scars, though not always in the distribution described by Banker and Larroche-the tissue adjacent to the frontal horns, the superolateral angles of the lateral ventricles, and superior to the occipital horns. On the whole they were not so severe as those described by these authors and in only one was the initial coagulation necrosis still evident.
We have used the term 'old periventricular haemorrhage' to describe the lesions in Case 10. This indicates a lesion similar to periventricular leucomalacia in distribution but one in which evidence of old haemorrhage was dominant (Fig. 3  and 4) . This is indeed the only case in our experience in which the tissue damage was similar to that described by Schwartz (1961) and attributed by him to stasis in the Galenic venous system. Cystic encephalomalacia-areas in which disintegration had occurred (Fig. 5) lesion which is common in neonatal brains and not medullary olives in Cases 3, 4, and 6 (Fig. 7) and in diagnostic of any particular pathological process. the thalamus and hemisphere white matter in Case The widespread fibrillary gliosis also described by 11. Brand and Bignami (1969) The cystic encephalomalacia lesions seen in Cases 2, 4, and 5 are most like those classified as focal cortical and subcortical encephalomalacia by Wolf and Cowen (1954) While the pathogenesis of these lesions remains unclear, it is interesting that all 3 infants displaying them had had umbilical venous catheters in position for between 3 and 7 days. In one infant the catheter had been replaced because of a blockage at its tip. It is possible that thrombi from these catheters passed through the foramen ovale, which often shunts blood from the right to the left atrium in hypoxic infants (Stahiman, 1966) and thence into cerebral arteries, causing infarction. However, we have no proof for this suggestion and 3 of the remaining 9 infants also had umbilical vein catheters inserted without developing similar lesions.
The detailed description of the hydrocephalic brains is given elsewhere (Smith, 1974) . This complication in survivors of subependymal plate haemorrhage is not invariable, as Case 1 showed old haemorrhage in the ependymal plate and the meninges without hydrocephalus: it is possible that it would have developed if this infant had survived longer. Small haemorrhages in isolated cerebellar folia in Cases 6 and 10 have no obvious pathogenesis.
The evidence of old haemorrhage in the periventricular sites in Case 10 is more rationally explained as a sequel to neonatal asphyxial heart failure with increased venous pressure and rupture of veins as suggested by Cole et al. (1974) in the pathogenesis of subependymal plate haemorrhage than as a consequence of Galenic vein kinking during delivery. It was associated with pseudocystic change but not haemorrhage in the subependymal plate. Similar pseudocysts have been described by Larroche (1972) who found evidence of old haemorrhage in only 4 of 22 cases. She reviewed the associated factors in mothers and infants and suggested that the very cellular and actively growing subependymal plate might be susceptible to a variety of injuries such as infections, blood incompatibility, and even that causing associated malformations. Case 10 had rhesus isoimmunization as well as bronchopulmonary dysplasia, but we have not seen such pseudocysts in association with either of these conditions previously. The lung pathology was, however, sufficiently severe to cause cor pulmonale and it is possible that the heart failure led to damage in the active germinal matrix a little later than the first few days of life and at a time when the veins were less liable to rupture.
An attempt can be made to assess the long-term effects of some of these macroscopical lesions. The areas of cystic encephalomalacia would be expected to interfere with function in strategic areas, but the well-known capacity of the growing brain to adapt would have possibly mitigated this, except in Case 4 where the lesions were extensive. The multiple sites of old haemorrhage in Case 10 would again have been expected to leave some residual defect, but the effects of the pseudocyst in the ependymal plate are not known. One occasionally sees a small cystic area in this site in necropsies on adults without a history of long-term neurological disease. The effects of the hydrocephalus such as that in Cases 8 and 9 would be determined by the residual damage in the plate, the efficiency of shunt therapy, and other lesions. In Case 8 the residual damage in the plate and the extent of hypoxia or ischaemia was considerable and the shunt had not been effective. In Case 9 there was much less damage in the plate, but significant hypoxic damage; shunt therapy was not undertaken because of the severity of the lung condition which was complicated by an episode of massive pulmonary haemorrhage at 3 weeks of age. 
